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(57) To provide a transmission apparatus and a 
communication system that transmit a plurality of trans- 
mission signals riding on different interfering transmis- 
sion beams, separate and receive the transmission sig- 
nal at the receiving side, and estimate the original trans- 
mission signal by maximum likelihood estimation based 
on the correlation among the received signals. A trans- 
mission apparatus which encodes the transmission sig- 
nal by an encoding means to generate at least two trans- 
mission signals S1 and S2, modulates the signals to the 
carrier frequencies, weights them and supplies them to 



the antenna elements, and controls the weights to trans- 
mit the modulated output signals by beams partially 
overlapping each other in space, A reception apparatus 
which separates and receives the transmission signals 
by a channel adaptive antenna to receive at least two 
received signals RS1 and RS2 and estimates the origi- 
nal transmission signal using maximum likelihood esti- 
mation, for example, a Viterbi decoding algorithm, 
based on the correlation between the received signals 
so as to reduce the error rate of the received signal and 
realize an improvement of the quality of communication. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a transmission apparatus performing space-time analog coding for transmis- 
sion signals using an antenna, a communication system using the transmission apparatus, and a transmission method 
and communication method of the same. 

BACKGROUND ART 

[0002] In recent years, in mobile communication, there has been a demand for efficient communication in both space 
and time from the viewpoint of dealing with different communication capacities between uplinks and downlinks, that 
is, so-called non-symmetrical channels, the simplification of hardware at the mobile station side, and the improvement 
of the efficiency of utilization of the frequency. Particularly, in view of the adoption of W-CDMA (wideband code division 

15 multiple access) as a wireless access scheme for the next generation mobile communication system IMT2000, trans- 
mission diversity using a plurality of antenna elements, adaptive antenna arrays using a plurality of antenna elements, 
and other systems have been proposed as powerful technologies for increasing the capacities of the W-CDMA system. 
[0003] However, in the prior art described above, there has been almost no study relating to the correlation of the 
transmission signals due to the interference among beams in the case of transmission by a plurality of transmission 

20 beam at the transmitting side. Further, the correlation of the transmission signals due to the interference among beams 
has not been utilized actively to improve the communication efficiency and to improve the quality of communication. 
Thus, in the case of transmitting and receiving signals by forming a plurality of beams, that is, so-called space diversity, 
the interference among beams has almost always been suppressed as much as possible to suppress interference and 
the correlation of transmission signals has not been utilized effectively. 

25 

DISCLOSURE OF THE INVENTION 

[0004] The present invention was made in consideration of the above circumstances and has as an object to provide 
a transmission apparatus and a communication system capable of, when transmitting signals by forming a plurality of 

30 transmission beams, giving correlation to the transmission signals according to the overlap among beams and esti- 
mating the original transmission signal by maximum likelihood estimation considering the correlation among the plurality 
of received signals separated and received at the receiving side so as to reduce the error rate of the received signals 
and realize an improvement of the transmission efficiency and improvement of the quality of communication. 
[0005] To achieve the above object, according to the present invention, there is provided a transmission apparatus 

35 comprising an encoding means for encoding a transmission signal to generate at least a first transmission signal and 
a second transmission signal, a transmission antenna forming at least a first beam and a second beam, and a trans- 
mitting means for transmitting said first transmission signal riding on said first beam and transmitting said second 
transmission signal riding on said second beam, wherein said first beam and second beam are formed so as to partially 
overlap each other. 

40 [0006] Further, in the present invention, preferably thetransmission antenna is an array antennacomprising a plurality 
of antenna elements, and the transmitting means weights the first transmission signal and the second transmission 
signal modulated to predetermined carrier frequencies with predetermined weights and supplies them to the antenna 
elements. 

[0007] Further, in the present invention, the apparatus further comprises a weight determining means for determining 
45 weights of the antenna elements and controlling the beam patterns of the first beam and the second beam, and the 
weight determining means determines the weights of the antenna elements in accordance with the channel charac- 
teristics. 

[0008] Further, the communication system of the present invention comprises an encoding means for encoding a 
transmission signal to generate at least a first transmission signal and a second transmission signal, a transmission 

so antenna forming at least a first transmission beam and a second transmission beam, a transmitting means for trans- 
mitting said first transmission signal riding on said first transmission beam and transmitting said second transmission 
signal riding on said second beam, a reception antenna forming a predetermined receiving beam and receiving signals 
transmitted by said transmission antenna using the receiving beam, and a decoding means for estimating the trans- 
mission signal by a maximum likelihood estimation according to the received signals of the reception antenna, wherein 

55 said first transmission beam and second transmission beam are formed so as to partially overlap each other. 

[0009] Further, in the present invention, the transmission antenna is an array antenna comprising a plurality of an- 
tenna elements. 

[0010] Further, in the present invention, the reception antenna is an array antennacomprising a plurality of antenna 
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elements, and the reception antenna forms a first receiving beam and a second receiving beam and separates and 
receives the signals transmitted by the transmission antenna by the first receiving beam and the second receiving beam. 
[001 1] Further, in the present invention, the decoding means estimates the original transmission signal based on the 
correlation between the received signal received by the first receiving beam and the received signal received by the 

5 second receiving beam for example by a Viterbi decoding algorithm. 

[0012] Further, the communication method of the present invention comprises a step of encoding a transmission 
signal to generate at least a first transmission signal and a second transmission signal, a step of modulating the first 
transmission signal and the second transmission signal to predetermined carrier frequencies, and a step of weighting 
the first transmission signal by a first weight, supplying the same to antenna elements constituting a transmission 

10 antenna, and transmitting the same by forming a first transmission beam and of weighting the second transmission 
signal by a second weight, supplying the same to antenna elements, and transmitting the same by forming a second 
transmission beam so as to partially overlap the first transmission beam. 

[0013] Further, the communication method of the present invention comprises a step of encoding a transmission 
signal to generate at least a first transmission signal and a second transmission signal, a step of modulating the first 

15 transmission signal and the second transmission signal to predetermined carrier frequencies, a step of weighting the 
first transmission signal by a first weight, supplying the same to antenna elements constituting a transmission antenna, 
and transmitting the same by forming a first transmission beam and of weighting the second transmission signal by a 
second weight, supplying the same to antenna elements, and transmitting the same by forming a second transmission 
beam so as to partially overlap the first transmission beam, a step of shaping a beam for compensation of the trans- 

20 mission distortion of the channel and receiving the signals sent by the transmission antenna by the shaped beam, and 
a step of estimating the original transmission signal in accordance with the received signals by the reception antenna 
by maximum likelihood estimation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0014] 

FIG. 1 is a circuit diagram of an embodiment of a communication system according to the present invention. 
FIG. 2 is a view of an example of the configuration of a transmission apparatus in the communication system of 
30 the present invention, 

FIG. 3 is a graph of an example of an antenna beam pattern. 

FIG. 4 is a circuit diagram of an example of a beam control circuit of a transmission apparatus. 
FIG. 5 is a view of the concept of a mathematic model of a transmission apparatus. 

FIG. 6 is a view of another example of a transmission apparatus of the present invention, wherein the encoder is 
35 comprised of a delay circuit. 

FIG. 7 is a view of an example of the configuration of a transmission apparatus including a weight vector determi- 
nation circuit for finding a weight function. 

FIG. 8 is a view of an example of the configuration of a reception apparatus. 
FIG. 9 is a view of a trellis chart of Viterbi decoding in a decoding circuit of the reception apparatus. 
40 FIG. 1 0 is a graph for comparison of the bit error rate of the communication scheme of the present invention with 

that of the diversity transmission scheme of the prior art. 

BEST MODE FOR CARRYING OUT THE INVENTION 

45 [0015] FIG. 1 is a view of the configuration of an embodiment of a communication system according to the present 
invention. As illustrated, the communication system of the present embodiment is comprised of a transmission appa- 
ratus 100, a channel 200, and a reception apparatus 300. 

[0016] The transmission apparatus 100 encodes the transmission signal Si, modulates it to a carrier frequency, then 
transmits it by an antenna array comprised of a plurality of antenna elements. The signal transmitted by the transmission 

so antenna is transmitted to the reception apparatus 300 through the channel 200. 

[0017] The channel 200 is a transmission path between the transmission apparatus 100 and the reception apparatus 
300. Generally, the transmission characteristics of the channel 200 are not constant and change along with time. 
Particularly, in a mobile communication system, for example, when the transmission apparatus 100 is a base station, 
the reception apparatus 300 is a mobile communication terminal, and the reception apparatus 300 commutes while 

55 moving, the transmission characteristics and the distortion characteristics of the channel 200 change all the time. 
[0018] The reception apparatus 300 demodulates the signal received by the reception antenna, decodes it by de- 
coding processing, and outputs a decoded signal S 0 closest to the original transmission signal. Generally, the decoded 
signal S 0 does not completely replicate the original transmission signal due to the distortion of the channel 200. Error 
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occurs at a certain error rate. The error rate of the decoded signal S 0 is reduced by the encoding processing performed 
in the transmission apparatus 100 and the decoding processing performed in the reception apparatus 300. 
[0019] As shown in FIG. 1 . in the transmission apparatus 100 of the present embodiment, a plurality of transmission 
beams are formed by an antenna array comprising a plurality of antenna elements (in FIG.1 , two beams B1 and B2 
5 are displayed as an example). The beams B1 and B2 overlap each other in part of the beam patterns in space. That 
is, the signals transmitted by the beams B1 and B2 interfere with each other in accordance with the beam patterns of 
the antenna array and are correlated with each other. 

[0020] FIG. 2 shows an example of the configuration of the transmission apparatus 100. As illustrated, the transmis- 
sion apparatus 100 is comprised of an encoder 110, a modulator 120, a beam control circuit 130, and an antenna array 
10 1 40. Below, the configuration and function of each part of the transmission apparatus 1 00 will be explained in detail 
with reference to FIG. 2. 

[0021] The encoder 110 encodes an input signal S, by a predetermined encoding scheme and outputs at least two 
different strings of data (also referred to as "bit streams") D1 and D2. Note that, in the present embodiment, the encoding 
scheme in the encoder 1 1 0 and the number of the data strings output are not particularly limited. The optimum encoding 

15 scheme is selected in accordance with need. Further, the bit rates of the output data strings differ in accordance with 
the encoding scheme selected. For example, the encoder 110 generates a data string D1 with a coding rate of 1/2 by 
convolutional coding in accordance with the input signal S, and generates a data string D2 with a coding rate of 1/3 by 
another convolutional coding in accordance with the input signal S, in parallel with the generation of the data string D1 . 
Therefore, the bit rates r1 and r2 of the two data strings D1 and D2 output by the encoder 110 are different, in this 

20 example, r1/r2=2/3. 

[0022] The data strings D1 and D2 output by the encoder 110 are modulated to carrier frequencies by the modulator 
120, respectively. Note that the modulator 120, for example, can spread the frequency spectrum of the transmission 
signal using a spread sequence such as in the CDMA communication scheme. 

[0023] As a result of frequency modulation, two transmission signals S1 and S2 modulated to the carrier frequencies 

25 are generated and supplied to the beam control circuit 1 30. 

[0024] The beam control circuit 130 controls the weights of the antenna elements so as to control the beam pattern 
of the antenna array 1 40 in accordance with the weights of the antenna elements. The beam control circuit 1 30 controls 
the beam pattern of the antenna array 1 40 by controlling the amplitudes and phases of transmission signals supplied 
to the antenna elements in accordance with their given weight functions. 

30 [0025] The antenna array 1 40 is comprised of a plurality of antenna elements. Since the beam control circuit 130 
supplies weighted transmission signals to the antenna elements, the beam pattern at the time of transmission is con- 
trolled in accordance with the weights of the antenna elements. The weights of the signals supplied to the antenna 
elements are conLrolled according lo weight functions or weight vectors. 

[0026] FIG. 3 is a graph showing an example of a transmission beam pattern of the antenna array. As illustrated, 
35 the antenna pattern is formed with two beams B1 and B2. Here, assuming that the peak directions of the main lobes 
of the beams B1 and B2 are 91 and 92, respectively, in the example of FIG. 3, 91=0, and 92=10 degrees. 
[0027] To form the beam patterns B1 and B2 shown in FIG. 3, it is sufficient to supply the antenna elements with 
transmission signals controlled in amplitude and phase in accordance with the weight vectors W1 and W2. Here, if the 
number of the antenna elements constituting the antenna array 130 is n, the weight vectors W1 and W2 can be rep- 
40 resented as vectors of the power n as shown in the following equations: 



[0028] The beam control circuit 130 weights the transmission signals in accordance with the weight vectors and 
supplies the same to the antenna elements. 

[0029] FIG. 4 is a circuit diagram of an example of the configuration of the beam control circuit 130. In this example, 
55 the beam control circuit 130 controls the amplitudes and phases of the two transmission signals S1 and S2 output from 
the modulator 120 in accordance with the two weight vectors W1 and W2 and sends the signals to the antenna elements. 
[0030] As shown in FIG. 4, the beam control circuit 130 is comprised of complex multipliers 131-1 , 131-2, 131 -n, 
132-1, 132-2 132-n and adders 133-1, 133-2 133-n. 
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[0031 ] Here, the weight vector W1 is represented as [w1 (1 ), w1 (2), ,. ., w1 (n)] and the weight vector W2 is represented 
as[w2(1), w2(2) w2(n)]. 

[0032] The modulated output signal S1 is multiplied by the n number of elements w1 (1), w1 (2), w1 (n) of the weight 

vector W1 by complex multipliers 131-1 , 131-2 131-n, respectively. Similarly, the modulated signal S2 is multiplied 

by then number of elements w2(1), w2(2), w2(n) of the weight vector W2 by the complex multipliers 132-1 , 132-2, 
132-n, respectively. 

[0033] The outputs of the multipliers 131-1 and 132-1 are added by the adder 133-1 and supplied to the antenna 
element 1 41 -1 , the outputs of the multipliers 1 31 -2 and 1 32-2 are added by the adder 1 33-2 and supplied to the antenna 
element 141-2, and the outputs of the multipliers 131-n and 132-n are added by the adder 133-n and supplied to 
the antenna element 141-n. 

[0034] The antenna elements 141-1 , 141-2, 141-n generate radio waves in accordance with the signals supplied 

by the adders 133-1 , 133-2 133-n and radiate the same to space. As a result, the two transmission beams B1 and 

B2 are generated by the antenna array 140, and the two modulated signals S1 and S2 output by the modulator 120 
are transmitted riding on different beams B1 and B2, respectively. 

[0035] The beams B1 and B2, for example, have the patterns shown in FIG. 3. Namely, the beams B1 and B2 overlap 
each other partially in the space domain . Consequently, the transmission signals S 1 and S2 sent by the beams Bland 
B2 interfere with each other and have correlation. Here, the interferences between the beams B1 and B2 are made a 
and fS, respectively. That is, the amount of the interference to the beam B1 by the beam B2 is assumed to be a, and 
the amount of the interference to the beam B2 by the beam B1 is assumed to be p. 

[0036] Here, by assuming that steering vectors for forming the beams B1 and B2 are A1 (=[a1(1), a1 (2) a1(n)], 

and A2(=[a2(1), a2(2), a2(n)]. the amounts of the interference a and p can be given by the following equations: 



W2 X A2 



[0037] In Equations (3) and (4), A1 T and A2 T are transposed matrixes of the steering vectors A1 and A2, respectively. 
[0038] The mathematic model of the transmission apparatus of the present embodiment in accordance with the 
amounts ot the interference u and p between the beams B1 and B2 can be shown in FIG. 5. As illustrated, the transmitted 
signal S| is encoded by the encoder 110 and modulated, then two modulated output signals S1 and S2 are output. 
Since these modulated output signals are transmitted riding on the beams B1 and B2 of the antenna array 140, re- 
spectively, the signal transmitted riding on the beam B2 is mixed with the signal transmitted by the beam B2. Similarly, 
the signal transmitted by the beam B1 is mixed with the signal transmitted by the beam B1 . 

[0039] Here, the two modulated output signals output by the modulator 1 20 are made S1 (t) and S2(t), and the mod- 
ulated output signals S1(t) and S2(t) are input to the beam control circuit 130, respectively. The beam control circuit 
1 30 supplies the transmission signals weighted by the weight vectors to the antenna elements and emits them to space 
by the transmission beams B1 and B2 formed by the antenna elements. As a result of the interference between the 
beams B1 and B2, the emitted signals X1 (t) and X2(t) in the directions of the main lobes of the beams B1 and B2 can 
be represented as in the following equations. 

X1(t)=S1(t)+«S2(t) (5) 

X2(t)=S2(t)+pS1(t) (6) 

[0040] In this way, the two signals S1 (t) and S2(t) transmitted by the beams B1 and B2 are emitted into space while 
interfering with each other. Thus, the receiving side, for example, separates and receives the transmitted signals by a 
reception antenna formed with two or more receiving beams, As a result, there is correlation between the at least two 
received signals. In accordance with the correlation of the received signals, the error rates of the decoded signals can 
be reduced and the reliability of the communication system improved by maximum likelihood estimation, for example, 
Viterbi decoding. 

[0041] FIG. 6 shows another example of the configuration of the transmission apparatus of the present embodiment. 
As illustrated, in the transmission apparatus 100a, except for the difference of the encoder 110a from the encoder 110 
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of the transmission apparatus shown in FIG. 2, the rest of the configuration is substantially the same as the transmission 
apparatus 1 00 shown in FIG. 2. 

[0042] The transmission apparatus 100a is comprised of a delay circuit 112. The input signal S, is, for example, a 
data string generated based on predetermined information source data. The input signal S, is, on the one hand, input 
5 to the modulator 120 as a data string D1 , and on the other hand, input to the delay circuit 112. The delay circuit 112 
delays the bits of the input data string by a predetermined delay time, generates a data string D2 that is delayed in 
time compared to the input signal Si, then inputs it to the modulator 120. 

[0043] As described above, in the transmission apparatus 100a, the encoder 110a supplies the delayed signal of 
the input signal S, along with the original signal to the modulator 120 as an encoded data string. 

w [0044] The partial circuits following the encoder 1 1 0a have substantially the same configuration and function in the 
same way as the portions of the transmission apparatus 100 shown in FIG. 2. Namely, the modulator 120 generates 
the modulated signals S1 and S2 modulated to predetermined carrier frequencies in accordance with the two input 
data strings D1 and D2 and outputs them to the beam control circuit 130. The beam control circuit 130 generates the 
signals supplied to the antenna elements of the antenna array 140 in accordance with predetermined weight vectors. 

15 In the antenna array 140. the radio waves corresponding to the signals supplied by the antenna elements are emitted 
to space, so the radio wave signals are emitted by the beam patterns set by the weight vectors, and the radio wave 
signals are transmitted by two transmission beams partially overlapping each other in space. 
[0045] That is, by utilizing the encoder 110a of this example, using the delay circuit 112 for delaying the input signal 
by a predetermined delay time, the original information data strings are sent twice shifted in time by exactly the delay 

20 time of the delay circuit 112. For example, by transmitting the original signal and the delayed signal thereof riding on 
different beams, when the reception apparatus separates and receives the signals transmitted by the two beams, the 
two received signals have correlation with each other. In the reception apparatus, by decoding the received signals by 
maximum likelihood estimation, for example, Viterbi decoding, the error rates of the signals reproduced by the decoding 
are greatly reduced, so the reliability of the communication system can be improved. 

25 [0046] FIG. 7 shows another example of the configuration of the transmission apparatus. As illustrated, in this ex- 
ample, a weight vector determination circuit 150 for providing the weight vectors W1 and W2 to the beam control circuit 
130 is provided in the transmission apparatus 100b. 

[0047] As described above, in the beam control circuit 130, by supplying signals changed in amplitudes and phases 
of the modulated oulpul signals S1 and S2 in accordance with the given weight vectors to the antenna elements of the 

30 antenna array 140, the predetermined beams are formed. For example, two beams partially overlapping in space are 
formed in accordance with the two weight vectors W1 and W2. By transmitting the modulated output signals riding on 
these beams, signals with certain correlations are transmitted. Then, the receiving side receives the signals transmitted 
by the two beams and estimates the original transmission signal by maximum likelihood estimation, for example, by 
Viterbi decoding, based on the correlation between the received signals. 

35 [0048] In practice, the situation of the channel between the transmitting and the reception apparatus changes all the 
time. In particular, in a mobile communication system, when the reception apparatus is, for example, a mobile com- 
munication terminal, since the channel between the transmitting apparatus and the reception apparatus changes at 
all times, at the transmitting side, if the beams of the transmission antenna are controlled in accordance with constant 
weight vectors, it is impossible to deal with changes of the channel and the quality of communication may deteriorate. 

40 Therefore, it is desirable to adapt the beams of the transmission antenna according to the situation of the channel. 
One of the effective methods for realizing this, as in this example, is to provide a weight vector determination circuit, 
set optimal weight vectors in accordance with the change of the channel, and provide the same to the beam control 
circuit. 

[0049] In FIG. 7, the weight vector determination circuit 1 50 determines the optimum weight vectors W1 and W2 in 
45 accordance with the characteristics of the channel and provides the same to the beam control circuit 130. The estimation 
of the characteristics of the channel can be realized by transmitting a known signal between the transmitting and the 
reception apparatuses. For example, before the start of the communication, the transmission apparatus 1 00 transmits 
a predetermined pilot signal. Note that, the pilot signal is a signal determined by a predetermined rule and must be 
known by both the transmitting and the reception apparatuses. The reception apparatus can estimate the distortion 
so characteristics of the channel in accordance with the received pilot signal. Then the characteristics of the channel 
estimated by the reception apparatus are transmitted to the transmitting side. The weight vector determination circuit 
150 can learn the distortion characteristics of the channel in accordance with the estimated result received from the 
reception apparatus and set the optimum weight vectors accordingly. Further, for the simplification of the reception 
apparatus, the reception apparatus does not estimate the channel characteristics but simply return the received pilot 
55 signal to the transmission apparatus. In this case, the transmission apparatus can estimate the distortion characteristics 
of the channel based on the pilot signal returned by the reception apparatus. The weight vector determination circuit 
1 50 can set the optimal weight vectors in accordance with the estimation result. 

[0050] After the start of the communication, the transmission apparatus inserts the pilot signal into the transmission 
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signals and sends the same at a predetermined interval. Based on this, the channel characteristics can be estimated 
by the transmission apparatus or the reception apparatus at a certain time interval, so that in the case of mobile com- 
munication, the optimal weight vectors can be dynamically set in accordance with the change of the channel charac- 
teristics. 

5 [0051] Note that the method of the determination of the weight vectors is not limited to the examples described above. 
For example, when the changed pattern of the channel characteristics is known by experience, a plurality of weight 
vectors are calculated in accordance with the possible values of the channel characteristics and stored in a memory 
device. During communication, the optimal weight vectors according to experience are read from the memory device. 
By controlling the beams accordingly, although the optimal weight vectors cannot be set in real time as described 

10 above, the weight vectors can be suitably set within a certain range of error. 

[0052] Below, the reception apparatus 300 in the communication system of the present invention will be explained. 
[0053] FIG. 8 is a view of an example of the configuration of the reception apparatus 300. As illustrated, the reception 
apparatus 300 is comprised of a reception antenna 310, a frequency conversion circuit 320, and a decoding circuit 330. 
[0054] The reception antenna 310 receives the radio wave signals sent by the transmission apparatus 100 and 

15 supplies the received signals to the frequency conversion circuit 320. 

[0055] Here, the reception antenna 310 can be comprised by a single antenna or an antenna array formed by a 
plurality of antenna elements. The reception antenna is optimally controlled in its characteristics, for example, its beam 
pattern, to be able to compensate for the distortion of the channel. Namely, the reception antenna can be considered 
as a spatial filter. The spatial filter is controlled to have characteristics reverse to those of the channel. Accordingly, 

20 the distortion generated in the channel is suppressed by the reception antenna, and the equalization processing of the 
received signals is executed in the space domain. A preferable example of the reception antenna 31 0 is an adaptive 
array antenna. 

[0056] The signals received by the reception antenna 31 0 are supplied to the frequency conversion circuit 320 where- 
in the frequency is converted. As a result of the frequency conversion, a received signal converted from the carrier 

25 frequency to, for example, the baseband is output. Here, for example, the transmission apparatus transmits two trans- 
mission signals S1 and S2 riding on different beams, while the reception antenna 31 0 spatially separates the received 
signals and receives the two signals RS1 and RS2 in accordance with the two beams of the transmitting side, respec- 
tively. The received signals RS1 and RS2 are frequency converted by the frequency conversion circuit 320, whereby 
two reception data strings RD1 and RD2 are output. 

30 [0057] The signals transmitted by the transmission apparatus 100 have correlation with each other in accordance 
with the overlap of the beams of the transmission antenna array 140. Namely, in the reception apparatus 300, the two 
signals RS1 and RS2 received by the reception antenna 31 0 have correlation with each other. Therefore, there is also 
correlation between the two data strings RD1 and RD2 output from the frequency conversion circuit 320. 
[0058] The decoding circuit 330 estimates a decoded signal S 0 nearest to the original transmitting information sent 

35 by the transmission apparatus 100, that is, the transmission signal S; shown in FIG. 2, in accordance with the data 
strings RD1 and RD2 obtained by the frequency conversion based on maximum likelihood estimation, for example, 
Viterbi decoding, 

[0059] The decoding circuit constituted based on the Viterbi decoding algorithm calculates the metric showing the 
distance between the codes as likelihood functions of the path through the states of the received data string based on 

40 the states, traces the change over time, and selects from among the candidates of the different times the one having 
the maximum likelihood from the received signal, and finally estimates the data string with the maximum likelihood as 
the original information string transmitted by the transmitting side. In this case, the data string obtained is the output 
at the time when the path is determined in the decoding process. The corresponding information data can be obtained 
by finding the input string for this output in reverse. In this way, by utilizing the Viterbi decoding algorithm, the data 

45 string with the maximum likelihood can be found effectively by using a trellis diagram. 

[0060] FIG. 9 is a trellis diagram used for decoding processing of the decoding circuit 330 in the reception apparatus 
300 shown in FIG. 8. The decoding circuit 330 can find the estimated signal S 0 of the original transmission signal in 
accordance with the received data string using the trellis diagram shown in FIG. 9 based on the Viterbi decoding 
algorithm. 

so [0061] FIG. 1 0 is a graph of the result of the bit error rate (BER) of the communication system of the present em- 
bodiment calculated by computer simulation. Here, for comparison, the bit error rate of conventional diversity trans- 
mission is also plotted. 

[0062] Here, as a condition for computer simulation, the channel is supposed to be in a Rayleigh fading environment. 
The amounts of the interference a and p" between the two transmission beams B1 and B2 formed by the transmission 
55 antenna array of the transmission apparatus are equal and a=|3=0.7994. Note that, the amounts of the interference 
between the transmission beams B1 and B2 are known information in the reception apparatus. 
[0063] The transmission antenna array is an antenna array constituted by six antenna elements, while the reception 
antenna is an antenna array constituted by six antenna elements. The transmission antenna array forms two trans- 
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mission beams B1 and B2 and makes the angles of the main lobes of the transmission beams B1 and B2 0 and 5 
degrees, respectively. The receiving side spatially separates and receives the received signals by the reception antenna 
array. Two receiving beams are formed by the reception antenna array. The angles of the main lobes of the receiving 
beams are made 0 and 10 degrees, respectively. 

5 [0064] As shown in FIG. 10, along with the increase of the signal to noise ratio SNR (for example, the ratio of the 
received signal power and the average power of noise), the bit error rate of the received signal decreases. Under the 
same transmitting and receiving conditions and the same channel environment, the bit error rate of the transmitting 
and receiving method according to the present invention can be further suppressed in comparison with the diversity 
transmission scheme of the prior art. Namely, according to the communication method of the present invention, the 

10 error of the received signal becomes smaller and an improvement of the reliability of the communication system can 
be realized. 

[0065] In the above embodiment of the present invention, the transmission apparatus 1 00 and the reception appa- 
ratus 300 use the array antennas to form a plurality of beams and transmit and receive the signals. The present invention 
is not limited to this. In addition to array antennas, it is possible to use other antennas capable of controlling the beam 
15 patterns. Namely, the transmission apparatus 1 00 can form a plurality of transmission beams partially overlapping each 
other and transmit the signals riding on the transmission beams so as to transmit the encoded signals in both the space 
and time domain. The reception apparatus 300 can separate and receive at least two signals having correlation with 
each other by a plurality of receiving beams and estimate the original transmission signal by maximum likelihood 
estimation. 

20 [0066] Note that the separating and reception at the receiving side are not limited in space domain by the reception 
antenna beams and can also be performed in the time or frequency domain. For example, the receiving side can 
separate and receive in time the two transmission signals transmitted shifted in time by the transmission apparatus 
1 00a shown in FIG. 6 so as to receive two signals having correlation with each other. Further, when the transmitting 
side transmits the two signals modulated . to different carrier frequencies by different transmission beams, the receiving 

25 side can separate and receive the two transmission signals according to the difference of the frequencies of the signals. 
[0067] As described above, according to the transmission apparatus and the communication system of the present 
invention, the transmitting side transmits the transmission signals encoded by different encoding processing riding on 
a plurality of transmission beams by using a transmission antenna forming a plurality of beams partially overlapping 
each other and the receiving side separates and receives signals and decodes the original transmission signal by 

30 maximum likelihood estimation considering the correlation between the received signals so as reduce the error rates 
of the decoded signals and realize an improvement of the efficiency of the communication system and improvement 
of the quality of communication, 

[0068] Furthermore, by Viterbi decoding processing as the maximum likelihood estimation in the reception apparatus, 
there are the advantages that real time decoding can be realized and simplification of the reception apparatus and the 
35 higher speed of the decoding process can be realized. 

LIST OF REFERENCES 

[0069] 

100... transmission apparatus, 
110... encoder, 
120... modulator, 
130... beam control circuit, 
45 131-1, 131-2, .., 131-n... multiplier, 

132- 1, 132-2 132-n... multiplier, 

133- 1, 133-2, 133-n... adder, 
140... antenna array, 

141-1, 141-2, 141-n... antenna element 
so 200... channel, 

300... reception apparatus, 
310... reception antenna array, 
320... frequency modulator, 
330... decoding circuit. 
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Claims 

1 . A transmission apparatus comprising: 

5 an encoding means for encoding a transmission signal to generate at least a first transmission signal and a 

second transmission signal, 

a transmission antenna forming at least a first beam and a second beam, and 

a transmitting means for transmitting said first transmission signal riding on said first beam and transmitting 
said second transmission signal riding on said second beam, 

10 

wherein said first beam and second beam are formed so as to partially overlap each other. 

2. A transmission apparatus as set forth in claim 1 , wherein 

15 the transmission antenna is an array antenna comprising a plurality of antenna elements. 

3. A transmission apparatus as set forth in claim 2, wherein 

the transmitting means weights the first transmission signal and the second transmission signal modulated to 
20 predetermined carrier frequencies with predetermined weights and supplies them to the antenna elements. 

4. A transmission apparatus as set forth in claim 3, further comprising 

a weight determining means for determining weights of the antenna elements and controlling the beam patterns 
25 of the first beam and the second beam. 

5. A transmission apparatus as set forth in claim 4, wherein 

the weight determining means determines the weights of the antenna elements in accordance with the channel 
30 characteristics. 

6. A transmission apparatus as set forth in claim 1 , wherein 

the encoding means includes a delay circuit for delaying the transmission signal by a predetermined delay time. 

35 

7. A transmission method comprising: 

a step of encoding a transmission signal to generate at least a first transmission signal and a second trans- 
mission signal, 

40 a step of modulating the first transmission signal and the second transmission signal to predetermined carrier 

frequencies, 

a step of weighting the first transmission signal by a first weight, supplying the same to antenna elements 
constituting a transmission antenna, transmitting the same by forming a first transmission beam and of weight- 
ing the second transmission signal by a second weight, supplying the same to antenna elements, and trans- 
45 mitting the same by forming a second transmission beam partially overlapping the first transmission beam. 

8. A transmission method as set forth in claim 7, further determining the first weight and the second weight in ac- 
cordance with the channel characteristics. 

so 9. A communication system comprising: 

an encoding means for encoding a transmission signal to generate at least a first transmission signal and a 
second transmission signal, 

a transmission antenna forming at least a first transmission beam and a second transmission beam, 
55 a transmitting means for transmitting said first transmission signal riding on said first transmission beam and 

transmitting said second transmission signal riding on said second beam, 

a reception antenna forming a predetermined receiving beam and receiving signals transmitted by said trans- 
mission antenna using the receiving beam, and 



9 
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a decoding means for estimating the transmission signal by a maximum likelihood estimation according to the 
received signals of the reception antenna, 

wherein said first transmission beam and second transmission beam are formed so as to partially overlap 
5 each other. 

10. A communication system as set forth in claim 9, wherein 

the transmission antenna is an array antenna comprising a plurality of antenna elements. 

11. A communication system as set forth in claim 10, wherein 

the transmitting means weights the first transmission signal and the second transmission signal modulated to 
predetermined carrierfrequencies with predetermined weights and supplies the same to the antenna elements. 

12. A communication system as set forth in claim 11 , further comprising 

a weight determining means for determining weights of the antenna elements and controlling the beam patterns 
of the first beam and the second beam. 

20 

13. A communication system as set forth in claim 12, wherein 

the weight determining means determines the weights of the antenna elements in accordance with the channel 
characteristics. 

25 

14. A communication system as set forth in claim 9, wherein 

the reception antenna is an array antenna comprising a plurality of antenna elements. 

30 15. A communication system as set forth in claim 9, wherein 

the reception antenna shapes the beam pattern of the receiving beam in accordance with the transmission 
distortion of the channel. 

35 16. A communication system as set forth in claim 9, further comprising 

a separating receiving means for separating the received signal by the reception antenna. 

17. A communication system as set forth in claim 1 6, wherein 

the decoding means estimates the original transmission signal based on the correlation between at least two 
received signals output from the separating receiving means 

18. A communication system as set forth in claim 9, wherein 

45 

the reception antenna forms a first receiving beam and a second receiving beam and separates and receives 
the signals transmitted by the transmission antenna by the first receiving beam and the second receiving beam. 

19. A communication system as set forth in claim 18, wherein 

the decoding means estimates the original transmission signal based on the correlation between the received 
signal received by the first receiving beam and the received signal received by the second receiving beam. 

20. A communication system as set forth in claim 18, wherein 

55 

the decoding means estimates the original transmission signal based on the correlation between the received 
signal received by the first receiving beam and the received signal received by the second receiving beam 
using a Viterbi decoding algorithm. 



10 
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A communication method comprising: 

a step of encoding a transmission signal to generate at least a first transmission signal and a second trans- 
mission signal, 

a step of modulating the first transmission signal and the second transmission signal to predetermined carrier 
frequencies, 

a step of weighting the first transmission signal by a first weight, supplying the same to antenna elements 
constituting a transmission antenna, and transmitting the same by forming a first transmission beam and of 
weighting the second transmission signal by a second weight, supplying the same to antenna elements, and 
transmitting the same by forming a second transmission beam so as to partially overlap the first transmission 
beam, 

a step of shaping a beam for compensation of the transmission distortion of the channel and receiving the 
signals sent by the transmission antenna by the shaped beam, and 

a step of estimating the original transmission signal in accordance with the received signals by the reception 
antenna by maximum likelihood estimation. 

A communication method as set forth in claim 21 , further 

determining the first weight and the second weight in accordance with the channel characteristics. 

A communication method as set forth in claim 21 , further comprising 

a step of forming a first receiving beam and a second receiving beam and separating and receiving the signals 
transmitted by the transmission antenna by the first receiving beam and the second receiving beam. 

A communication method as set forth in claim 23, further comprising 

a step of estimating the original transmission signal by maximum likelihood estimation based on the correlation 
between the received signal received by the first receiving beam and the received signal received by the 
second receiving beam. 

A communication method as set forth in claim 23, further comprising 

a step of estimating the original transmission signal based on the correlation between the received signal 
received by the first receiving beam and the received signal received by the second receiving beam using a 
Viterbi decoding algorithm. 



11 
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